relative to normal weight individuals (McTigue, Hess, & Ziouras, 2006; NHBLI, 1998) . Both high rates of obesity (Emerson, 2005; Rimmer & Wang, 2005; Sohler et al., 2009; Stedman & Leland, 2010; Temple, Foley, & Lloyd, 2013) and underweight (Bhaumik, Watson, Thorp, Tyrer, & McGrother, 2008; Molteno, Smit, Mills, & Huskisson, 2000) have been documented among adults with ID.
The Centers for Disease Control and Prevention and the National Center on Birth Defects and Developmental Disabilities have indicated that determining the relative health status of persons with ID in the United States (U.S.) is in important priority (CDC/NCBDDD, 2009) . For BMI, the relative health status is unclear. In the U.S., rates of obesity in people with ID have been reported as higher than (Sohler et al., 2009) or equivalent to (Stancliffe et al., 2011 ) the general population. However, evidence from other parts of the world (e.g., the United Kingdom) suggests that adults with ID are more likely to be underweight than the general population (Bhaumik et al., 2008; Emerson, 2005) and that only women with ID have higher rates of overweight and obesity than the general population (Bhaumik et al., 2008; Melville, Cooper, McGrother, Thorp, & Collacott, 2005; Melville et al., 2008) .
The available evidence on BMI status of adults with ID has been generally derived from small data sets, indirect measures, and one-time cross-sectional data. The largest study examining BMI derived from directly measured height and weight for U.S. adults with intellectual disabilities in the 1990s involved 329 participants (Rimmer, Braddock, & Marks, 1995) and since 2000, the largest sample has been 109 participants (Dixon-Ibarra, Lee, & Dugala, 2013) . Studies with larger sample sizes have relied on medical or individual records or proxy reports from families, support providers or administrators (Henderson et al., 2008; Levy, Botuck, & Rimmerman, 2007; McDermott, Moran, Platt, & Dasari, 2006; Sohler et al., 2009; Stancliffe et al., 2011) ; and only one of these studies involved more than 700 participants (Stancliffe et al., 2011) . Epidemiological evidence shows that height and weight are not regularly recorded by primary care physicians, even for patients who are obese (Booth, Prevost, & Gulliford, 2013) and that only 35% of the measurements of height and weight in family medicine clinics are obtained using a protocol (Greenwood, Narus, Leiser, & Egger, 2011) . Evidence also shows that proxy respondents tend to underrate morbidity (Grootendorst, Feeny, & Furlong, 1997) and that self-report height and weight dramatically underestimate the prevalence of obesity among persons with disabilities (Rimmer & Wang, 2005) . In addition to concerns about the lack of measured height and weight to calculate BMI, data collected at only one point in time precludes examination of temporal patterns and variations. Data that represents a snapshot at one time point limits our ability to examine the persistence or desistence of underweight, overweight, and obesity; and our ability to forecast future BMI status that may inform policy and practice (Chen, Coull, Waterman, Schwartz, & Krieger, 2008; Majer, Mackenbach, & van Baal, 2013) .
For the U.S. general population, temporal trends in overweight and obesity have been examined from 1960 to the present (Flegal, Carroll, Kit, & Ogden, 2012; Flegal, Carroll, Kuczmarski, & Johnson, 1998; Flegal, Carroll, Ogden, & Curtin, 2010) . These studies show that the prevalence of obesity changed little in the U. S. from 1960 to 1976-1980 , but increased markedly for both sexes from 1976 to 1980-2000. Obesity prevalence estimates from the 1976-1980 National Health and Nutrition Examination Survey (NHANES) were 12.3% for men and 16.5% for women; by 1999-2000 these estimates were 27.5% for men and 33.4% for women. More recently, the trend toward increasing obesity in the U.S. general population has leveled off (Flegal et al., 2012) . Flegal and colleagues reported there was no significant increase in obesity in the U.S. adult population between the period 2003-2008 and 2009-2010 ; however the prevalence of obesity remained high in 2009-2010 (35.5% for men and 35.8% for women).
Special Olympics International (SOI) is a global not-for-profit sporting organization serving more than four million participants worldwide and half a million participants in the U.S. annually (Special Olympics, 2011) . A person is eligible to participate in Special Olympics if he/she has an ID and is at least eight years of age (Special Olympics Inc., 2012) ; there is no upper age limit. An individual is considered to have an ID for purposes of determining his or her eligibility for Special Olympics if they meet any of the following requirements: (1) they have a cognitive delay as determined by standardized measures such as an intelligence quotient (IQ), (2) an agency or professional has determined the person has an ID in accordance with local policies, or (3) the person has functional limitations in both general learning (such as IQ) and in adaptive skills (Special Olympics Inc., 2012 ). An individual with ID may also have other mental or physical disabilities; however individuals' "whose functional limitations are based solely on a physical, behavioral, or emotional disability, or a specific learning or sensory disability, are not eligible to participate as Special Olympics athletes" (Special Olympics Inc., 2012, p.18) .
SOI began offering free health screenings in 1997 called 'Healthy Athletes' at local, State/Provincial, National, and World Games. The BMI of adult Special Olympics participants derived from the Healthy Athletes database has been reported in two studies (Harris, Rosenberg, Jangda, O'Brien, & Gallagher, 2003; Temple et al., 2013) . Temple and colleagues' cross-sectional study examined the BMI of adult Special Olympics participants by world region. These authors reported that among North American women (n = 2890), 24% were overweight and 52% were obese; and among North American men (n = 3893), rates of overweight and obesity were 30% and 39%, respectively. However, these North American data included data of athletes from Canada; and rates of overweight and obesity were not examined over time. The earlier cross-sectional study by Harris and colleagues examined the BMI of 1,749 Special Olympics athletes attending the 1999 and 2001 World Games. Thirty-three percent of adult athletes with a U.S. affiliation (n = 443) in the Harris et al. study were overweight and 32% were obese. These data were not stratified by sex and although Harris and colleagues reported that the majority of participants were 20-39 years of age, they did not specifically report the proportion of athletes who were 40 years or older or the upper age limit of participants.
The available evidence suggests that adults with ID in the U.S. and U.S. Special Olympics participants have high rates of overweight and obesity. However, it is unclear whether these rates are higher than the general population or whether rates have been stable over time. Identifying the relative prevalence of obesity among a sample of U.S. adults with ID compared with the general population is important because disparities may suggest systematic differences in health behaviors and health status. In keeping with these concerns, the aim of this study was to examine temporal trends in the prevalence of overweight and obesity among adult U.S. Special Olympics participants from 2005-2010, and these rates were compared with published NHANES statistics (Flegal et al., 2012; Flegal et al., 2010) .
Method
This study was a secondary analysis of a de-identified SOI health promotion database. Data for this database were collected during free health screenings by volunteer clinicians using established SOI protocols (Special Olympics, 2007) at local, state, national, and international SOI events (see Table 1 ). The standard protocol for the height and weight station during the screenings requires one professional (e.g., physical therapist, kinesiologist, nurse, teacher) and two general volunteers. The professional is responsible for obtaining both the height and weight measures. For both measures, shoes, boots, caps, back packs, jackets, hair accessories, and other bulky items that interfere with measurement are removed, and the scale and stadiometer are placed on a flat and firm uncarpeted surface. Height is measured using a portable stadiometer to the nearest 0.1 cm. The stadiometer has a vertical rod with metric rule and a horizontal headboard that is easily moveable. Athletes are instructed or positioned so that they stand with their back against the measuring surface with feet flat on the floor and heels comfortably together; they are also asked to look straight ahead. Weight is measured using a digital weight scale to 0.1 kg.
The following variables were extracted from the database for U.S. participants: sex, date of birth, date of event (age calculated), height, and weight. BMI was calculated using the Quetelet index (kg/m 2 ) with the following descriptive cut-points: underweight <18.5, normal range 18.5-24.9, overweight 25.0-29.9, and obese ≥ 30 (World Health Organization, 2006) . For community-dwelling adults with intellectual disability, BMI has been shown to have adequate concurrent validity with adiposity measured via dual-energy radiograph absorptiometry, accounting for 83% of the variance in total body fat (Temple, Walkley, & Greenway, 2010) .
Data Cleaning and Analyses
Initially the database from SOI included 8,937 records of 20-59 year old adult athletes with a U.S. affiliation for the period 2005-2010. Data cleaning procedures, illustrated in Figure 1 , were as follows: (1) identify multiple entries for one individual and delete duplicate or redundant entries. This was done by filtering data by sex, birthday, state, and name. For individuals who had multiple entries in one year and/or entries over multiple years, the last entry for an individual was retained; (2) Listwise deletions were used when anthropometric, sex, or age was missing; and (3) The remaining data were examined and filtered to remove extreme values as identified in previous work (ALSWH, 2007; Das et al., 2005) . The values for inclusion were height between 121.9 cm and 238.8 cm, and weight between 30.0kg and 317.5 kg. A total of 6,004 (male = 57.01%) BMI records with a U.S. affiliation were available after data cleaning. To facilitate comparison with the published NHANES data (Flegal et al., 2012; Flegal et al., 2010) , the SOI data were stratified by sex and the NHANES age band cut-offs (20-39 years and 40-59 years) were replicated. Sample sizes for the younger and older age-bands of SOI men were n = 2,509 and n = 914, respectively; and for the younger and older SOI women were n = 1,916 and n = 665, respectively. The NHANES sample sizes for those strata range from 883 to 1019 (Flegal et al., 2012) .
Prevalence rates were calculated with confidence intervals for underweight, normal weight, overweight, and obesity for SOI men and women in both age bands within the following NHANES collection cycles: 2005-2006, 2007-2008, and 2009-2010 . For SOI participants, chi-squared analyses and fisher exact test (when percentages were below 5) were used to examine temporal trends within each age band stratified by sex over the three 2-year cycles. Differences in BMI status among male and female SOI participants for each data collection cycle were also examined. Another series of chi-squared tests were employed to examine potential differences in the prevalence of obesity between SOI data and the published NHANES data (Flegal et al., 2012; Flegal et al., 2010 Flegal et al., ) for 2005 Flegal et al., -2006 Flegal et al., , 2007 Flegal et al., -2008 Flegal et al., , and 2009 Flegal et al., -2010 . Data were analyzed using Strata/MP version 12 for windows (StataCorp LP, College Station, TX) and R version 2.12.2 (R Development Core Team, 2011).
When athletes register to participate in a Special Olympics games, they and/or their guardians sign a medical release/consent form (Special Olympics, 2007) . As part of this document, separate consent is given for the Healthy Athletes screening which includes consent for the de-identified data to be used to report on the health of SOI athletes. Research ethics approval was also granted by each author's institution to conduct a secondary analysis of the de-identified data in the SOI database.
Results
BMI prevalence rates, stratified by age band and sex, are presented in Table 2 . A 4 × 3 chi-square analysis was used to determine whether the proportion of SOI participants classified as underweight, normal weight, overweight, or obese differed between the three NHANES cycles. The obtained χ 2 = 26.62, df = 6 for the overall model was significant at p < .001. There was no difference across time for men (χ 2 = 11.42, df = 6, p = .076); although one specific difference was detected. Older men were significantly more obese in the 2009-2010 period compared with the 2005-2006 period (see Table 2 ). For women, the model (i.e., weight status by time) was significant (χ 2 = 19.30, df = 6, p = .004). Table 2 . There were no significant differences in overweight and obesity for women across time.
The BMI profile of female SOI participants differed appreciably from male Special Olympics participants (see Table 2 ). Women in both the younger and older age bands were significantly more obese than men in those age bands (χ 2 = 67.42, df = 1, p < .001 and χ 2 = 24.15, df = 1, p < .001; respectively). These sex-based differences in obesity were evident for both age bands in each data collection cycle. In contrast, the prevalence of overweight was significantly higher for men in both age bands: 20-39 years (χ 2 = 18.87, df = 1, p < .001) and 40-59 years (χ 2 = 6.80, df = 1, p = .009). However, these differences were not significant for the older adult group in 2005-2006 and 2009-2010 Figure 2 compares rates of obesity of SOI participants with published the NHANES data (Flegal et al., 2012; Flegal et al., 2010) . Chi-square analyses revealed that the prevalence of obesity was significantly higher among Special Olympics females compared with the national data in both age bands for each data collection cycle, except for the younger group of women in 2007-2008 (p = .088) . Among males, only two differences between SOI participants and the published NHANES data were noted. The prevalence of obesity was significantly higher among SOI males aged 20-39 years in the 2005-2006 and 2007-2008 data collection periods (p = .039 and p = .004, respectively). 
Discussion
Our aim was to examine temporal trends in the prevalence of overweight and obesity among male and female U.S. Special Olympics participants from [2005] [2006] [2007] [2008] [2009] [2010] , and compare the rates of obesity to published NHANES statistics. The prevalence of obesity was high among U.S. Special Olympics participants in each time period, but similar to the general population (Flegal et al., 2012) there were very few changes across the three data collection cycles examined. These findings are both encouraging and disappointing. Encouraging in the sense that rates of underweight, overweight, and obesity among SOI participants have not increased over the 2005-2010 period, but discouraging because the prevalence rates for overweight and obesity are very high. Compared with published NHANES data, female SOI participants had significantly higher rates of obesity (BMI ≥ 30) than the U.S. national data for each time period (Flegal et al., 2012; Flegal et al., 2010) except for younger women in [2007] [2008] . The prevalence of overweight and obesity among male Special Olympics participants were similar to the NHANES national sample (Flegal et al., 2012) ; although higher rates of obesity were evident among 20-39 year old male Special Olympics participants in 2005-2006 and 2007-2008 time periods (Flegal et al., 2012) . These findings support U.S. (Cotugna & Vickery, 2003; Stancliffe et al., 2011) and international studies (Bhaumik et al., 2008; Lahtinen, Rintala, & Malin, 2007; Melville et al., 2005; Melville et al., 2008; Temple et al., 2013 ) that demonstrate higher rates of overweight and obesity among women with ID. It is unclear why female U.S. Special Olympics participants, but not male participants, have a higher prevalence of overweight and obesity than the general population. Participation in physical activity tends to be low among a majority of adults with ID (Temple, Frey, & Stanish, 2006) , but there is no evidence to suggest sex-based differences in the U.S. for adults with ID (Peterson, Janz, & Lowe, 2008) or internationally (Temple, 2010) . On the intake side of the energy-balance equation, unbalanced dietary intake (Draheim, Stanish, Williams, & McCubbin, 2007; Sohler et al., 2009; Soler Marin & Xandri Graupera, 2011) and eating dysfunction (Hove, 2007; O'Brien & Whitehouse, 1990) have been documented in among adults with ID. Hove (2007) , for example, reported that 27.7% of adults with ID ate too fast, 25% 'bolted' their food, and 18% ate excessively. But as with physical activity, differences in eating patterns of men and women with ID have not been detected; nor have sex-based differences in overall energy balance been investigated. As Rimmer and Hsieh noted for the 2011 State of Science Conference on Lifespan Health and Function of Adults with Intellectual and Developmental Disabilities " . . . there are no studies that have examined the potential causative factors associated with this higher rate of obesity in women with ID" (Rimmer & Hsieh, 2011, p.14) . A comprehensive research paradigm is needed to understand the determinants of obesity (Bouchard, 2007 ). Bouchard's hierarchical model of the relationships among four major classes of determinants of energy-balance (built environment, social environment, behavior, and biology) may assist in efforts to comprehensively investigate this problem. Bouchard posits that an obesogenic environment (both social and built) influences the adoption and maintenance of obesogenic behaviors; and these behaviors are influenced and mediated by biological traits. This suggests that research investigating obesity among adults with ID in general, and sex-based differences in particular, should concomitantly consider the living circumstance, physical activity and eating behaviors, and aspects of biological functioning such as medication use, satiety, and metabolic rate.
There are limitations to this study that should be noted. Information such as the etiology of ID, levels of support needed, comordities, associated health conditions, and living arrangement were not part of the health promotion database; therefore these factors could not be examined. This is consistent with the philosophy of Special Olympics where all individuals regardless of diagnosis or level of functioning compete together. It is also important to mention that the data for this study were not randomly selected from the general population of adults with ID, but derived from measured height and weight during Special Olympics health screenings. The participants in this study were largely competing at local and state events; however 15% of the sample was derived from national or international events. It is therefore possible our findings are more positive than for adults with ID who do not participate in Special Olympics. This inference is consistent with Draheim, Williams, and McCubbin's (2003) findings that the cardiovascular disease risk profile of active Special Olympics participants was more favorable (lower diastolic blood pressures, percent fat, triglycerides, and insulin) than active adults with ID who were not Special Olympics participants. Finally, although there is a standard SOI protocol for measuring height and weight; the Clinical Director's guide (Special Olympics, 2007) does not mandate a particular manufacturer for the digital scale or the stadiometer. However, as the Healthy Athletes database includes only measured height and weight, the concern about measurement error from this source is somewhat outweighed by Rimmer and Wang's (2005) finding that self-report BMI data underestimate the prevalence of obesity among persons with a disability by 60%.
Notwithstanding these limitations, it is evident that the prevalence of overweight and obesity were persistently high among U.S. Special Olympics participants and efforts to understand the determinants of obesity and ways to promote healthy weight status must increase, particularly for women. Health professionals, including primary care physicians, public health officials, and health professionals in schools and residential settings all have a role to play in the health promotion of adults with ID. SOI also has the potential to play an important role in such health promotion efforts. As an organization, SOI has extensive reach within the community and the capacity to connect directly with participants, coaches/volunteers, and families to deliver targeted primary or secondary health promotion interventions focusing on healthy weight status. Alternatively, SOI could be part of a more integrated approach to reducing obesity and the risk of obesity. The World Report on Disability (World Health Organization, 2011) recommends enhancing the integration and coordination of education, community-based, and social services to improve health outcomes for individuals with disabilities. Although the integration of services presents logistical challenges that are still begin developed (World Health Organization, 2011), approaches to obesity prevention that take into account the multiple social contexts of adults with ID are more likely to be enduring.
